Measurements of respiration were made on leaf discs from glasshousegrown soybean (Glycine max [L.] Merr. cv 'Corsoy') plants in the presence and absence of cyanide (KCN) and salicylhydroxamic acid (SHAM). 02 uptake by mature leaves measured at 25°C was stimulated by 1 millimolar KCN (63%) and also by 5 millimolar azide (79%).
The presence of a cyanide-resistant alternative respiratory pathway in mitochondria and intact plant tissue is routinely concluded from an insensitivity of 02 uptake to cyanide and a specific inhibition by hydroxamates in the presence of cyanide (7, 15, 18) . Its presence or activity has been demonstrated in a wide variety of plant tissues, and the proportion of a plant's respiratory capacity that is cyanide-resistant has been shown to vary among species and from tissue to tissue (7, 15, 18) . Aroids (21) organs are of interest because this pathway is either induced or regenerated in aged slices (18, 27) .
Studies of leaf respiration, using both isolated mitochondria and intact tissues, have provided a range of results. The pattern of leaf respiration has been shown to change with leaf development and there are indications that the degree of resistance to cyanide, and therefore, the possible contribution of the alternative pathway to total respiration, is either constant (1) or increases with maturation (7) . 02 uptake rates in bean (Phaseolus vulgaris) leaves decreased by about 70% by d 14 (1) . A similar decrease in leaf respiration with maturation had been reported earlier (11, 14) . This decline in leaf respiration has been attributed to the degeneration and consequent decrease in the biochemical efficiency of the mitochondria (11, 26) . Earlier reports indicated that, whereas the respiration of young leaves is inhibited, that of mature leaves is either resistant or even stimulated by inhibitors of the Cyt oxidase (19, 20) . It is noteworthy, however, that these earlier observations of respiratory stimulation were made before the discovery of specific inhibitors of the alternative pathway and therefore do not provide complete information regarding the possible involvement of the alternative pathway in these responses.
The present study is part ofan effort to characterize alternative pathway respiration in soybean tissues. Published measurements ofcyanide-resistant or alternative pathway respiration in soybean tissues are sparse and almost invariably have been restricted to imbibing seeds (24, 29) , embryonic axes (23) , and cultured cells (8, 22) . Hrubec et aL (13) reported a 30% cyanide resistance in mitochondria isolated from young leaves, with malate and glutamate as substrates and with no residual respiration. To our knowledge, this is the only published report in the current literature on the involvement of the alternative pathway in soybean leaf respiration. In this report, we present results indicating stimulation of 02 uptake by respiratory inhibitors in mature soybean leaves, and which suggest the existence of an alternative pathway capacity that increases with leaf maturation.
MATERIALS AND METHODS
Plant Material. Soybean (Glycine max (L) Merr. cv 'Corsoy') plants were grown in a glasshouse in 25-cm plastic pots containing either a 2:1:1 mixture of soil, peat, and sand or a 1:1:1 mixture of soil, sand, and perlite. Day temperatures ranged from 30 to 35°C and, night, from 20 to 25°C. Supplemental radiation was supplied by high pressure sodium lamps providing a 14-h photoperiod. One week after emergence, seedlings were thinned to one plant per pot. Plants were watered daily with tap water and flooded once a week with a solution of a general purpose (20-20-20) (Fig. 5 ). This pattern of response was not expected and did not complement that obtained with KCN in the presence of FCCP (Fig. 4) .
The presence of FCCP did not alter the general pattern of respiratory decline during leaf maturation. The reason for the more precipitous drop in the control rates in Figure 4 compared to Figures 1 to 3 is not apparent except to note that different Table II (Fig. 5) . The capacity of the Cyt path was therefore estimated as inhibition by KCN in the presence of the uncoupler FCCP. This method was based on the assumption, perhaps unjustified, that uncoupling with FCCP led to a respiration rate that fully saturated both pathways or at least approached saturation. In the absence of an absolute way of ascertaining the maximal rate of electron transport (17) , and because the alternative path is engaged only when the Cyt path is saturated or restricted (2, 18, 27) , 02 uptake rates in the presence of FCCP were taken as representing the maximum respiratory capacity. Day and Lambers (6) observed that in bean, wheat (Triticum aestivum L.), and maize (Zea mays L.) the potential respiratory rates, measured with isolated mitochondria, were similar to the root rates measured in the presence of FCCP. It seems of interest that the decline in total respiration with leaf age was closely paralleled by a decrease in the estimated capacity of the Cyt path (V,,4). In contrast, the capacity of the alternative path (Vait) peaked at about full leaf expansion, exceeding V,.
Thus, the ratio Vcyt/Vaht declined with leaf maturation. of both the Cyt and alternative-path terminal oxidases. The stimulation of respiration by inhibitors of Cyt oxidase has been observed previously for mature leaves of carrot, Daucus carota (20) , mustard, Sinapis alba, and belladonna, Atropa belladonna (19) . The interaction between KCN and SHAM in inhibiting 02 uptake by soybean leaf tissue is consistent with the presence of an alternative path (5, 7, 16) and further suggests that KCN and NaN3 were stimiulating 02 uptake mainly by the SHAM-sensitive alternAtive path. The stimulation of 02 uptake by SiAM alone, as far as we know, is an unknown phenomenon for leaf tissue, although it has recently been observed in roots of other legume plants (9) . Propyl gallate, a potent inhibitor ofalternative oxidase, also stimulated 02 uptake (data not shown). According to existing information, cyanide stimulation of 02 uptake should occur only in tissues with a large potential capacity for the alternative path. To estimate the relative potential capacities of the pathways during leaf development, the effect of KCN and SHAM in the presence of the uncoupler FCCP was determined. The effect of FCCP is to abolish the electrochemical proton gradient across the inner mitochondrial membrane and thereby allow maximum electron flux through the respiratory pathways (10) . Inhibition of 02 uptake by either KCN or SHAM in the presence of the uncoupler would therefore allow the capacities of the pathways to be estimated.
It seems quite likely that our results with FCCP and SHAM (Fig. 5) were influenced by some unspecific inhibitory action. A number ofconsiderations complicate the interpretation ofinhibitory effects of hydroxamates in vivo. Notable among these considerations are: (a) the presence of other hydroxamate-sensitive oxidases (4, 16) , and (b) the possibility of other effects of hydroxamates on metabolism (9, 16) . In this study, SHAM seemed to have some specificity for the alternative path as judged by its strong inhibition in the presence of KCN. However, the stimulation of 02 uptake in mature leaves by SHAM alone would require either that SHAM causes the diversion of electron flux from the alternative path into an unsaturated Cyt path, an effect believed to be improbable (9, 27) , or that SHAM has an additional effect either of uncoupling or of activation of extramitochondrial enzymes (9, 16) . Along these lines, it is of interest to note that Lambers and his colleagues (15) have shown that high concentrations of SHAM (10-20 mM) can safely be used and even are required to give full inhibition of the altemative path in intact leaves and roots. De Visser and Blacquiere (9) observed SHAM simulation of respiration at low concentrations in roots of Pisum sativum and Plantago species, whereas they observed an inhibition at higher SHAM concentrations (25 mM (Fig. 4 ). An 
